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/7 ABSTRACT:
/ Jests on compression, tension, rolling, drawing, and

pressing for various rates of deformation establish,that the

|
C,a‘» relation hetween stress and rate is uniqué for thoss forms of
metal processing when the true equivalent stress is compared

/L,( with the equivalent deformation.

:j-h \ The work of the Siberian Physico-Technical Institute
(spnT1) /Y/ nhow;i&thnt & unique rule stating the variation

of stress with increase in rate can be established for tension,
rolling, and pressing. »

Wi S
The aim of the investigations set forth below * to
P

T

establish the poseibility of extending the relation & :(() 0/‘)’
obtained from tests on compression, to other pressure processes,
(that is, drawing, tension, and cutting and alsc rolling and com
pression--the latter for the confirmation of results obtained

| 4n the SPhTI).

A description of the tests is given below.

. 1, TENSIOK
Round lead fracture specimens, prepared from previously

forged lead, were subjecied tc temsion. The dimensions of
the specimens-were maintained in accgrdance ﬁth/alpoﬁ%auom,
with the diameter of the apocinJa/f 20 mm' and the gage

length, 200 ma, '

The fracture of the specimens was made on the Amsler
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press with rates 0,01, 0.1, 1.0, and 10 mm/sec at a tempera-
ture of 20°C,

Figure 1 shows that fracture diegram, recorded on the
drum of the machine,

Curves for true atruaw;ot’obhined by dividing the
"flowing® force by the "fiowing" ares of the specimen, which
1a estimated from the fact that the volume of the metal must
be constant during plastic deformation within the limits of
uniform elongation; that is, up to the moment that a "walst®
is formed.

As it is intended to compare the curves of true stress
for extension,with:those for compression and other pressure
processes, it 1s necessary to solve the problem of equivalent
deformations (strains).

In regard to this, we make use of Mesnagor's /2/ proposal
for the comparison of differential relative deformations during
tansion. and sompressicn, <!

the equation:
Yoy X174
which after integration is brought to the final forms
Lp. 6887

Figure 2 shows the curves of true stress, for extensions,
as a function of the coefficient of dofomuon% (up to the
moment of "waist" formation)

The values of true stress, corresponding to the various

rates of deformation are given in_ Table 1.
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Values of true stress in 352 from extension tests

n lead
20%.

ate of ; [

formation [ T 4]

1/8e _—

rigure 3 shows the dopmfu\ca of true stress upon

the rate of deformation, obtained earlier from compression
tests on lead ut 20°¢./3/, st which each curve corresponds to
an undetermined stage of deformation, and the corresponding ]
coefficients of deformation. That is; in 14eu of 10, 20, :
308, ete., (for specimens of an initial height of 20 =),
here are taken the corresponding coefficient deformations i
1.11, 1.25, 1.43, etc. 1n addition; the i'atoi is ﬁlotted on
the sbscissse axis in terms of both porcont/aec (%/=ec)

and -als0 se.e'ln( /[eec) and the rate was calculated from the

relationf) ® Z ) L7
This dlagram shows the values of true stress for various

rates of extension, taken from Table I; the rate of deformation

18 caloulsted according 4o formla ¥ ‘- P19

As we see, the values of trus stress from extension tests,
£a11 nicely into the previously obtained rnlntiond’:Wor

extension.
‘ 2, ROLLING
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Tests, performed by us earlier, /4/, as well &s Ponjn

and Weddige's tests were used.
In using these tests, performed by us under various

conditions, we t‘:-é' in mind the estimation of values of true

stress and the rate of deformation during str
to the graphic relation o= (b(\/}obtained

ess and to enter

these values in
Since the rates of deformation

waS
during rolling vary very insignificantly, 11'.-:' possible to
beforehand that as a result of the proceseing of the

= from compression tests.

=== la
garaasd 0%

tested data, the dependence O=GXy)is impossible to establish;

it is possible only to establish low close the true stress

during rolling (for any rate of deformation) satisfy the

reletions™ =d>6l)for compression.

Tests with comparatively high rates of deformation
were conducted by the u'xthor with Golubev and Orzekhovskiy
during rolling of sheets from ordinary carbon steels on &
finishing stand of a three;high middle-grade, rolling mill-lu_n.

£50/500/850 xuzme(/"g/\ lap¥. g0 rev/mtn of the rollers.

In order to exclude the influence of the spring of the
rollers, the thickness of the rolled aheetawﬁsmensured with
the help of a special measurer before and after operation.

The forces, reaching up to 2000 tona,'" go‘ measured by
membrane-type hydraulic dynamometers.

At several points during rolling, the 1;empommre"*?‘5
simulteneously fixed with the help of a pyrometer,

The specific pressures during sheet rolling wsewere.
determined by dividing the measured forces by the area of

the region of deformation.
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Some tested data on rolling is shown in Table II.

_TApLE L r
glasl
ested data on the rolling of steel 3 in the Kuzmet
neet mill (1inear dimensions in mm)
No. 11/11
Tnitial thickness h,
fnitial width b,
Phickness after |
operation hy ; JO( r
Fidth after | g
operation b ‘
bec rement Ah A \ i
bteel type: o I [ A ~ |
/ Pemperature (°c) !
Yorces P (xg)

/ $pecific pressure _ Tl
> t)

A ‘

oefficient of elongation I
|

Rate of deformation 1/sec.)
rue stress )
mm?

Now we shall cite the test data of Poun;:nd Weddige/5/.
Rolling took place in a 180 mm mill, whose rollers have
a peripheral speed of 170 mm/sec; the rollers were polished

VA A
& i

&wem cast iron; the strips were heated before roilis

muffle furnaces. CE

The composition of the steel is shiown in Table III. ]

’ TABLE III :

tesl 1| €70 Ko - :
H

I \_,\j\ {‘L\ 4 NN []p 4 (1 0
/ The date of soma of Pon;;',s and Wgddige's tests are

< -

- : ahov;l in Table IV.
In order omnin the true stress from specific préssurs
in all atove-cited cases of rolling, 1t.&‘-snoceuary to use
one of the methode citef in the literature /é/.
| « We decided on the fully developsd method of A. I. Teelikov,

R T PR
3
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described in the literature, This method was used to cal-

oculate the trus siress for all tests described in Tables

2 and 3, The final graphs of these tables show the figures for

the true stress. The measure of deformation in agreement with
, a

the above-stated figureau*viaken to be the coefficlent of

deformation, The rate of deformation during rolling,

expressed in Bchl, are calculated by Fonq's and Weddige's

equation/5/.

The values of the rate of deformation are shown in

it ek i,

#he next to the last & tables II and IV.
iz : TARIE IV

! Test Data on Rolling (Pompu and Weddige) (Linear Dimensions

Jin ma) ]
Ro. n/n.
Tnitial thickness hy
[nitial width b,
[hickness after ) i }
operaticn hy D i DY
Fidth after () -
operation 10 |
Decrement b

['oq)ontur; (°cg
Yorces P (kg
$pecific pressure (

P. ;.53)

Goefficient of elongation

Hate of Deformation (1/sec.)

True stress )
I‘1"2

The values of true stress during ‘rblling as a function

WOA T IE ARV @I ITN S I VOOV IOC VDO T Y b

of the rate of deformation for certain cases are shown in
ngr;u 4 and 5; they express the relation
cbtained by compression tuta/3/, during which were compared:
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steel from KMZ tests with steel 3 and steels A and B from
Pomph's and Weddige's tests with steels 3 and 10, It is
evident fron Figures 4 and 5 that the valuee of true stress
in the majority of cases satisfy n.oely the relation
for compre&sion.
3, PRESSING AND DRAVING

Teste were conducted on the Amsler press, Pressing

(to reveal the influence of rate on e’tre_sa) was conducted

2 ‘ by a direct method; material used wae lead and aluminum,

{ of the same composition as the compreesion-test specimens.

/4y 7/ Ingots, preliminarily pressed and—of-~Jumpdth |

A Y
about 50 mm a0
{

container of inner diameter, 20 or 15 mm; the outlet in

i~
20 mm or 16 mm, were set into a |

the die was 16 or 12 mm and the length of the cylindricsl part
of die A was 15 mm,
Several curves describing the pressure, as recorded
, ‘[ automatically on the drum of the machine, are shown in
Pigurt &, :
Pressing was performed at rates of motion of the

S
press plated of 0.01, 0.1, 1, 10 mm/sec, and in all cases

at a temperature of 20°c. ; ;
Specific preseures during preseing;?o"calwlned by f :
a

dividing the total force by the area of the press plates, In [

all, over 400 tests were made. ’ ]
The drawing tests used lcad and steel 3.' The composition

of steel 3 was as follows: C, 0.14; Mn, 0.42; &1, 0.26; S,

0,03; P, 0.04. A special clamping device was prepared

during drawing. The drewing took place through a draw plate, ;“ o

fixed in the carriage of the Ameler press. The dismeter of

* CONFIGENTIAL i
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the gage of the bar was 10 ma for lead and 6 mm for steel;
the dimeter of t.ho outlet of the draw plate was 8 mm for
lead and 5 mm for steel; the angle assumed wae 40%40! for
! lead, and for steel, 5°40'.

IBIEY
|leuu on Pressing Lead and Alumirmum Ingots (Linear Dimensions

n zm)
o. p/p For el
ameter of Container D , Ny .. T2

ameter of Outlet d ... [ )
o i etal > Keys L:ﬁ.) , 2= 'j} Aae g [
pverage force F (kg) - /
$pecific pressure p (kg/mm?)
Rate of Kotion of press plates (mm/sec)
late of Deformation (1/sec)
frue stress (kg )

The rates of motion of clamps were the same as in the
case of pressing, 0,01, 0.1, 1, and 10 mm/sec.

The affective active stress slong the drawing axis
was calculated by dividing the for_co by the outlet area of the
section of the bar,

The forces during steel drawing were sutomaticelly
recorded on the Grum of the imsier preas, /%gn cate of lead
drawing, the forcea sere determinad by a dynamometer inserted
between the device for clamping the wire and the draw plate,

' About 50 bars were drawn., Several tests are recorded

in Table VI,

[
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TABLE VI
Tests on Drawing Lead end Mteel. {(Lineur Dimensions

in mm).

Wo.p/p .,
Diameier U up v wniS OTas=ST
Diameter d after the orifice
Metal

Average force P (kg)

f Effective stress p (]_(52)

VA
|

nm
Rate of motion of Carriage mm/sec.
/¥ ! Rate of Deformation v (1/sec.

Trus stress (l_ggz)
mm

True stress during drawing and pressing was calculated
according to a method developed by the author jointly with '
Sobolev, /8/, which gives a fairly close agreement between
theoretical and test values in the relation between jr” stress
and specific pressure, Tables IV and V (in the M)

| show the values of true stress. The rate of deformation is
measured in units of 1/sec; hence in both cases (pressing
and drawing) the rate is celculated by the equation Y/~ s—jﬂ 7-"; i
where D and d sre the diameters of the cross sections of
the material up to and after deformation and the time, t, is
caloulated ss the ratio .of (a) the length of the wetal
fastened in the draw plate (8mm for lead and i/mm for steel)
during drawing or operation of the press plates during
pressing to (b) the linear rate of motion of the carriage of
the press, The next to the h“% of TableaV and VI [ |
show the values of the rate of deformation. ¥

In the diagrams (Pigures VII, VITI, and IX) the

relation 6= & Gf\)for compression, torrowed by us from tests
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performed previously and converted to express deformation and
rate of deformation as relative quantities, are given the
vaiues of true stress according to the data of Tables V and
VI. As is evident from Figures 7, 8, and 9, the relation &=
¢6])‘mn drawing (1ittle squarse) and pressing (crosses)
tests closely gatiefied a similar relation from compression
tests.
4. CUTTING

The tests on cutting took place in the laboratory on
an Amsler prass and on. shears of the 900-ton "1100"
blooming of the K\u-et.sm /9/. ) .

Lead bars were cut under laboratory conditions;
the composition of lud_/%;_:-\ same as that in the compression
teste.

Special shears were constructed for the cutting.

The cutting force as a function of the depth of penetration
of the shears into the metallic mass was racorded sutomatically
on the drum of the.machi:.\e (Figure 10).

The cutting took place at the rates (of motion of the
lower carriage of the machine) 0.01, 0.1, 1.0, and 10 m=m/eec.
The resistance to shears during cutting was obtained
by dividing the nelowing® force of cutting into the *flowing"

grea of the remaining section of the cut bar.

It is necessary to keep in mind that the specific resistance
to shears obtained in this manner 1s not the true (clean)
stress of shears, because they include not only the final, but
also the specific forces sxpended in overcoming friction and

the deflection of the bar.
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Special cutting tests with various rat:lol/ot section

width to height bih showed that the specific resistance
I o 2N

. raoaw N A oaa PR Y
ares v. \ior Uhﬂ Bame rave ol uelormsuvion)

L]
&

o

depends upon the indicated ratio, (Figure 12), A more graphic

presentation of the relation z;?@). shomn in Figure 11.
We see from Figure 11 t}at a decrease in the ratio _b_\__ —

causes the values of ’Z"’asymptotically to approach & oerta?n

limiting value, which can ba calculated for ratio ___}:_ s 1.

Trose values of “Z2~“not depending upon the ratic

% can be accepied with sufficient accuracy as the true
stress of shears ‘7 .
TABLE VI
Values of for various conditions of cutting lead
at 20%,
at < +
No, of | By x by [“D€8F V epeed
Tert | (am)  uiring o ! (1/2ec)
mm/sec., p x -
e 1D
Voo
9\41‘&\ 0 / RN 5 |
PRPTRRE. 8 R
L © T i

Further, the ratio of true stress of shears to rate of
deformation was investigated in specimens of a square cross
section, Migure 12 shows the curves 'Ed%:‘!‘or various cutting rates.
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The total mumber of tesis was sivand 150, Table VII

gives data on some cutting tests under laboratory conditions.
Guber-ii ses' ratio’t=-£—was used for calculating the
normal stress. .

Values of €F are in the denominators 1n\ Table VII, The
rate of plastic deformation during cutting is calculated
according to the eqnation,aq, f:¢> when h,, and hy are the

‘ initial thickness and the fi flowing® thickness of the bar,
' In figure 13 the values of true stress durin&lead cutting
are marked by crosses.

As is evident, the relation ;‘%or cutting agrees
closely with a similar relation as obtained earlier from
compression tests,

A comparfson of the tests can show that the relation
between stress and rate of plastic deformation is unique for
) various forms of metal proceesiong.

Entered for publication
Siberian Metallurgical Inst, 16 April 1947,
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x=1
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- tension
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ion
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! 0
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Figure 2
?ng‘i‘.::tir curves Curves of Nominal and Fis—l; for
for Lead at 20°C, i True stress tension &ad com=
X pression, lead a&v
‘ 20%.
1- for coefficient of de-
: :‘ formation 1.10
‘ ' 2- for coefficient of de-
4 | formation 1,26
\ 4 /7 ,
A s ,
| ! VoLl
’ — ]
’ = 2 yg/m? N
Kg/nal: , Jd \K .
v¥%/sec \ vi/sec
et e e - : T v 1/sec
‘ 1/eec ' Figure 5
Hg_ur__: ‘I;C'v'\‘or compression and rolling, = ¢@for compression and rolling,
‘ steel 3 at C. steel 40 KhA at 1000°¢,
1 - Points referring to rolling 1 - Points referring to rolling
P61l ¢ Lt
-2
Press-Plate Course : .
xe ‘ 1 . !kg/mz
| i ]
i T
l ‘ v&/se0
|
! .
e (;n)‘ i - T 1/sec
gure 6 . | pgure 7
J : !Il:,&ie.tor m;srll! for the Compression | & wg, alumirm at 20°C,
of lead st 2 D - 20am; 6 = 1éum; |
v = lma/sec

AN

Declassified in Part - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-00039R000100020073-9

]

-

I
i

o o .. CONDENTAL




8" Declassified in Part - Sanitized Copy Approved for Release 2012/04/06 : CIA-RDP82-00039R000100020073-9

"~ i i
. | . ' 2
kg/mm? FIGURES--2 kg/mm
! i
\ | :
| i v%/sec ¥
i L e T 4
gz v#/sec v 1/sec 4
I ¥/
- 8 B vea =t orPm Paurs 9 for Steel 3 at 20°C,
Figuie o &£0T 408U &u &V G, 4
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Mgure 10— I
Cutting force as a Function of Depth of  Figure 11
Penetration of Shear; Lead at 20°C 'g'}ll:imp(o’:g:?ce of th:h}le;i::anc; ;{dt}:ad |
1st 1 Width ng ng upon the oo
In parenthesest 16T figuTel of Cross Section to its Depth
2nd figure: height of the cut cross sec- (lead, 20°C, v = 1mm/sec)
tion,
: da’(,‘)":l [
a =4 ‘
| 2
kg/mm? kg/
iﬂohtin Depth of Penotn-;
tion of Shear
i : v¥/sec i
Figure 12 — : #1gure 13 v(1/8ec) :
Dspendence of the Specific Resistance of f
Lead During Cutting upon the Relative =,
Penetration of the Shear into metals o } or Lead at 20°C,
(Lesd, 20°) ‘ )

i 0.61L B
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